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Abbreviations and Notations

AEC - U.S. Atomic Energy Commission

DOE - U.S. Department of Energy

ERDA - Energy Research and Development Administration
EPA - U.S. Environmental Protection Agency
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HMCOP - Half Moon Creek Overflow Pond

IT - International Technologies Corporation

L - Liter

LLD - Lower Limit of Detection

LTHMP - LongTerm Hydrological Monitoring Program

Dup - Duplicate

NA - Not applicable

ND - No data provided

NS - No samplecollected

NSD - Sample collected by DRH; Broken during transport to DRH
pCi/L - Picocuries per liter = $curies per liter

PWGZ - Pond West of Ground zero

SGZ - Surface Ground Zero
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13Cs - Cesiurml 37

E-7 - Equipment Well #7

HMH-# - Hydrological Monitoring Hole& through 16
HM-L-L2 - Hydrological Monitoring WelLocal Aquifer
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HM-1 - Hydrological Monitoring WelAquifer 1

HM-2a - Hydrological Mnitoring Well Aquifer 2a

HM-2b - Hydrological Monitoring WellAquifer 2b

HM-3 - Hydrological Monitoring WelAquifer 3

HT-# - Hydrological Test WeRc,-4,-5

SA### -X - Source Area 1 todsequential well numbeAquifer



Preface

This report compiles data from the Octdd@2lannual monitoring of the Salmon Test Site
(STS), formerly called the Tatum Salt Dome Test Site (TSDTS), in Lamar County, Mississippi.
Additionally, it contains data from the @&&lcontinuatiorof the study of selected wells and surface
locations. The U.S. Department of Energy (DOE) had representation onsite during the October
monitoring period. Samples from the annual monitoring were split between the Division of
Radiological Health (DRH) atite DOE contractorRSI ENTECH To the extent available, data
from DOEG6s contract | ab for the monitoring pe
now on an8monthbasisi(e.,October 2014, April 2016, Octol2821 etc.) During the Annuia
sampling, o®ctober 202021 Salmon Test Site celebrated 55 years sin¢el#tenhtiorknown
as the Salmon Event

The analytical results identify tritium as the only radionuclide identified above the DRH lower
limit of detection and nobutinely found at those levels in environmental samples. However, no
tritium level above the EPA drinking water standard (20,000 pCi/L) was detected in a potable (i.e.,
suitable for drinking) water source. Additionally, the overall tritium concewcwationes to
decrease consistent with radioactive decay and dilution in the absence of new sources of significant
tritium activity.

DOE transferred the surface site to the State of Mississippi on December 15, 2010, renaming
it the Jamie Whitten Foresaivagement Area. During 2010, 360 tree samples were taken and analyzed
in preparation for this transfer. The Mississippi Forestry Commission now manages the site.



Validity of Information

The Division of Radiological Health (DRH), EnvirontaeMonitoring Laboratory is using
DOE6s Mixed Analyte Performance Evaluation Pr
testing. As a participant in this program, DRH analyzes unknown, simulated environmental samples
provided by MAPEP and reports iiesults directly to them.

In most cases covered by this report, DRHRBICENTECHSshared either duplicate or split
samples. Some of the data reflect instances when samples were neither split nor duplicated. In many
cases, sample results are lessthiealower Limit of Detection (LLD) for the analytical technique
and equipment. For example, for tritium the LLD is approximately 300 picocuries per liter (pCi/L)
during routine DRH analysi s, and 300 tioms 400 p
t hat fall bel ow the LLD are reported oOo<LLD".

The contract lab performs some analyses using a "Tritium Enrichment” technique, in which
tritium is concentrated by electrolysis. This data can be noted by numbers expressed in quotes, in a
fashion simdr to: "94.7 + 6.44"and are generally less than 300 pCi/L as samples showing higher
results during routine analysis are not enriched.



Background Information
The Salmon Test Site, Tritium, and the Role of the
Division of Radiological Health

The Salmon Test Site (ST$)in the piney woods area of the gulf coastal plain near
Hattiesburg, Mississippi (Fig. 1). The salt dome at STS is an almost circular dome, 1500 meters (5000
feet) in diameter. The salt is 460 meters (1500 feet) below the ground surface. The sak in the do
is 90% NaCl (commonly called halite) and 10% (Ca&tmonly called anhydrite).

Project Dribble and Project Miracle Play

During the 1960s the Department of Defense and the U.S. Atomic Energy Commission
(AEC) conducted Projects Dribble and MiracleiRldne geological structure known as the Tatum
Salt Dome in Lamar County, Mississippi. Project Dribble consisted of two nuclear detonations, and
the Miracle Play series consisted of two methane and oxygen gas explosions. All four of the shots
were a parof the Department of Defense's Velsiform Project. The STS test cavity contains
fission and activation products from the detonations (Fig. 2).

Detonations, Nuclear

The first detonation at STS was3hémon Eventlt occurred o®ctober 201964 .Its yield
was estimated at the time to be 5.3 + 0.5 kilotons. Note: Sorofficgraorrespondence indicates
a yield closer to 8 kilotons, which may have been determined from later calculations. A search of the
scientific literature has not confirme higher value. The device was detonated at a depth of 826
meters (2710 feet) below surface ground zero (SGZ) and created a cavity in the salt 17 meters (55 feet)
in radius.

The second detonation was 3terling Evenbriginally to be detonated imaned cavity on
the site. However, failure of two separate attempts to set a large diameter casing to the salt forced a
change in plans. The device was placed in the cavity formed by th&&aitremmetonated on
December 3, 1966. It was calculaidthve a 38n yield.

Detonations, Non-Nuclear

Two methane/oxygen gas detonations took place in the original Salmon/Sterling cavity.
These were called, collectively, "Miracle Play." The first shot, February 2, 1969, biasiealled
Tube and was estimated to have a-tBhSTNT-equivalence. The sedoshot,Humid Water
detonated April 19, 1970, also had a@13 NT-equivalence.
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Figure2, Test Cavity and Aquifers at the Salmon Test Site
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Figure 3, Aerial view of the site



Figured, Sterling package going down hole



Figureb, Night shot of the Salmon Bleed Down Plant
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Figure 9, Salmon Drill Rig
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Other Site Activities

In preparation for the second nuclear shot and the following gas shots, a plant to process and
store radioactive liquids, gases, and solids was built onsite near S@dlity,Hismown as the Bleed
down Plant, processed some of the soil and drilling mual| thediquids and gases.

From March through July of 1965, Aquifer 5 was injected with 7600 liters (2000 gallons) of
15% hydrochloric acid in water solution throtgtl HT-2 (Fig. 2). This acidic solution effectively
dissolved the formation within the Cook Mountain Limestone aquifer near the wellbore, allowing
more efficient injection of the wastewater. Following this, 1,279,000 liters (337,900 gallons) of
contammated water were injected. At sampling, this water contained 38 curigmaoimeatamitters
and 3253 curies of tritium. A last injection of 340,700 liters (90,000 gallons) of fresh water was made
at 414 kPa (60 psi).

Site Decommissioning/Decontamination Limits

AEC contractors from Las Vegas, Nevada conducted the site cleanup from May 1971 through
June 1972. Reports indicated that even though locally inclement conditions hamperedpthe clean
effort, the site was left radiologically "clean," cortsmgtarthe following limits imposed by the AEC
as final clean up criteria:

Surface Water 300,000pCi/liter tritium
Soll 1,000pCi/gram tritium
10pCi/gram betgamma emitter
1pCi/gram alpha emitters

The Division of Radiological Health of the Mississippi State Department of Health has been
directly involved with STS projects of the Atomic Energy Commission, the Enengyjh Resea
Development Administration (ERDA) and the Department of Energy since early 1974.

The reason for the involvement of the Division was the potential for accidental release of
waste injected into deep formations (note the fact that radioactivetyraiathwater had begun
surfacing from AEC monitoring well FZm). Division activities also address our concerns regarding
the potential impact by intentional or natural incursions into the cavity on groundwater onsite and
offsite. The isotope of concehnas been tritium. In September 1974achihocommittee was
formulated at the request of the Division to assist in the evaluation of U. S. Government activities at
the then Tatum Salt Dome Test Site. That committee was the Tatum Salt Dome Advisory Committee.

The Division has be@mvolved only with the radiological matters at the STS. It has also acted
as a state clearinghouse for distribution of information received from the various federal agencies
involved with the Salmon Project. From 1974 to 1990, the Division unoffitedlyas the
coordinator for Mi ssissippids invol vement at
Environmental Quality (MDEQ) became the official coordinator forgteaativities at STS, and
in 2000, that responsibility was officially tramsféorthe Mississippi State Department of Health.
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Due to the possibility of further radiological contamination fro2riiTthe Division had
personnel assigned onsite during thehiTplugback in August 1975, and the reconditioning of wells
HT-1 and AscoOil Co. No. 2 Bass Well near Baxterville. The Division also performed tritium
analyses on sample splits taken by EPA during the 1975 Salmon operations. Sampling frequency was
increased after the F2m plugback.

During the April 1977 sample collectionqek the EPA collected some special soil and water
samples in the area east of surface ground zero (SGZ) and west of the Half Moon Creek Overflow.
The EPA did not sendamples from that soil and watethe Division In July 1977, the Division
was appsied of the fact that EPA detected significant levels of tritium in the samples collected in
April. A monitoring program was developed to determine the areal and vertical extent, and magnitude
of the tritium contamination. From that time until 2010, lcagoal samples collectedE3A, or
the Division were, with few exceptions, splits or duplicates shared between the agencies.

During September and October 1977, representatives of the Division and the Mississippi State
Geological Survey (now incorpedhinto MDEQ) assisted EPA in the collection of soil and water
samples from some 130 hangyjuredholes in the SGZrea The Division of Radiological Health
analyzed splits of the water samples.

After analysis of the data, members of the Tatum Salt Dobns®y Committee and other
interested members of state government determined that additioreldwaadvells should be
drilled and a series of shallow water table monitoring holes emplaced. One hole was to be drilled and
a well completed in the loeguifer in the SGZ area. Water samples and soil samples collected during
the drilling of PS were split with the Division and analyzed for tritium. For various reasons, monitor
well PS3 was never completed.

In September 1978, a meeting offim Salt Dome Advisory Committee discussed-NVO
200, "Special Studatum Dome Test S#enal Report,” and the role of the Department of Energy,
Nevada Operations Office, with respect to future activities at STS. The Committee determined that
the incomfete PS3 was of no use and should be completed or preferably replaced.

In October 1978, the Mississippi Mineral Resources Institute (MMRI), at the request of State
Senator Dale Ford, asked that the Division prepare a synopsis of DRH activities ssa)/natioks
relative to the Tatum Salt Dome (TSD). The information supplied by DRH and Mississippi State
Geological Survey (MSGS) and compiled by MMRI showed the geohydrology of the TSD was highly
uncertain. There was a question concerning the domgfgyirand the cavity status itself was in
doubt.

A Technical Advisory Committee to Senator Ford and the Senate Oil and Gas Committee had
a DRH staff member as a representative. Representatives from MSGS and MMRI constituted the
remainder of the comne&. The input of the DRH representative concerned only radiological
matters. DOE and the Technical Committee conducted several meetings between December 6, 1978,
and January 19, 1979. On January 19, 1979, the DOE committed to performing an extensive re
evaluation of the status of the STS in general, with a focus on water and game pathways to man.

14



Surface Ground Zero (SGZ) Well Depths

In 1979, a group of wells reaching the aquifers (Fig. 2) above the dome were drilled, developed,
and pumped. One dfié¢ original SGZ wells, BSat 43.3 meters (142 feet), was plugged. Current
well depths are as follows:

HM-S Surficial Aquifer 9 meters (30 ft.)
HM-L Local Aquifer 62.2meters (204 ft.)
[aquifer extendsom 46 to 76 meters]

HM-L2 Local Aquifer 61meters (200 ft.)
HM-1 Aquifer 1 126 meters (415 ft.)
HM-2a Aquifer 2a 164 meters (537 ft.)
HM-2b Aquifer 2b 213 meters (700 ft.)
HM-3 Aquifer 3 267 meters (875 ft.)

REECo Pit

Between 1977 and 1979, during dhguringprogram to collect soil samples and their
subsequent analyses, the results indicated meteldeof tritium near the SGZ area. At that time,
another area onsite was identified that had not previously shown tritium results. This location was
some 640 meters (2100 feet) from SGZ (Fig. 3). A literature search indicated that this location had
been a disposal pit for the Reynolds Electrical and Engineering Company (REECo0). This resulted in
the addition of three monitoring points within the old pit td_timgr TermHydrologic Monitoring
Program.

Tritium levels at this pit were unrembk&auntil 1983, when the level increased from the
10002000 pCi/L range to approximately 12,000 pCi/L at one location. In 1984, levels returned to
the previous range of values.

DRH requested information from the U.S. Department of Energy about thehespibin
January 1984. Their response identified the pit as a borrow pit, originally used to fill in other
excavations and then for storage of drilling mud. During decommissioning and site cleanup, the pit
was used for the disposal of honcombustillieenmls and uncontaminated tools and equipment.
They described the pit as filled to capacity, the aremfdled grass planted.

Over the years, this pit has eroded and now has a gully 3.7 to 4.6 meters (12 to 15 feet) deep
in places. The erosion expd bricks and concrete fill. Water flows through the pit during high
rainfall months. A natural spring is present at one end of this pit; based upon continued sampling, it
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does not appear to ev@vebeen contaminated by tritium. Cows and wildlife baen observed
using this spring for water. Water flows through the pit, emptying into a small brook somewhat distant
from the pit; it also appears to be uncontaminated, beyond any contribution from the pit water.

Senator Trent Lott'sRequests

During the fall of 1989, Senator Trent Lott asked DOE to address concerns regarding security
needs at SGZ and assess contaminants at the REECo pits. He also asked DOE to perform an
epidemiological cancer study in La@aunty andevaluate the aduacy of their exchange of
information with residents in the STS area. As a result, DOE increased the amount of information it
makes available to area residents and performed an environmental study of site conditions. The cancer
study wasonducted buwvas inconclusive.
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FigurelQ, SGZ Downhole Wells and Other Onsite Sample Locations
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